Purpose Retrocrural lymph nodes (RCLNs) communicate with retroperitoneal and posterior mediastinal LNs. It is possible that, when RCLNs are involved, supra-diaphragmatic extension will occur in abdomino-pelvic cancers. The authors investigated performance of 18 F-FDG PET/CT to diagnose RCLN metastasis and whether RCLN metastases were associated with supra-diaphragmatic lymphatic metastases of ovarian cancer.
Introduction
Ovarian cancer has the highest mortality rate among gynecological malignancies in the United States [1] and the second highest in South Korea [2] . This is attributed to the fact that the majority of ovarian cancer cases are diagnosed in the advanced stage. The Surveillance, Epidemiology, and End Results (SEER) cancer statistics show that 62% of ovarian cancer patients are diagnosed after the disease has metastasized and that the 5-year relative survival rates of ovarian cancer are 93.5% for localized disease and 27.6% for metastatic disease [3] .
Distant metastatic disease in ovarian cancer can be divided into two categories according to the 7th edition of the American Joint Committee on Cancer Staging Manual [4] . One is metastasis to distant organs such as the liver parenchyma, lung, bone, and brain. The other is metastasis to extraabdominal lymph nodes. Thus detecting extra-abdominal, usually supra-diaphragmatic, lymph node metastasis is important for accurate staging and predicting prognosis.
The retrocrural space (RCS) is a small triangular area within the most inferior posterior mediastinum and is bordered by two diaphragmatic crura. This area includes the aorta, the azygos and hemiazygos veins, nerves, thoracic duct, and lymph nodes, which are called the retrocrural lymph nodes [5] . Retrocrural lymph nodes (RCLNs) receive lymph from the posterior part of the diaphragm and communicate with the posterior mediastinal nodes and para-aortic nodes in the upper abdomen [6] (Fig. 1) . In view of their locations, it is possible that when RCLNs are involved, supradiaphragmatic lymph node metastasis could occur in cases of abdomino-pelvic cancer. However, no study has yet supported this possibility in abdomino-pelvic cancer despite its suggestion in some case reports [7, 8] .
The advent of positron emission tomography (PET) and its later refinements have increased our appreciation of lymphatic metastasis patterns in various cancers. In fact, the determination of lymphatic involvement in the whole body can be more easily and accurately evaluated by 18 F-FDG PET than by any other conventional modality (including CT, MR, and lymphangiography). However, although 18 F-FDG PET has proven utility in many cancer types, only rarely has it been used to evaluate patterns of lymphatic spread.
The present study was to investigate performances of 18 F-FDG PET and contrast-enhanced CT to diagnose RCLN metastasis, to determine whether RCLN metastasis was associated with supra-diaphragmatic lymphatic metastases, and to observe the prevalence of metastasis to each involved organ and LN-bearing site in stage IV ovarian cancer.
Materials and Methods

Patients
From 2007 to 2009, 760 patients with ovarian cancer underwent 18 F-FDG PET/CT in our institute. Of these, 82
had evidence of distant metastatic lesions by 18 F-FDG PET/ CT with increased CA-125 level (mean±SD; 1,269± 2,364.8) at least once during the follow-up period. In this study, 8 of the 82 were excluded because distant metastatic lesions were not confirmed by either biopsy or other imaging, and another 7 were excluded because of the presence of a concomitant second primary malignancy. Finally, 67 patients with stage IV ovarian cancer were evaluated in the present study (mean age 55.6 years, range 31∼80 years). Indications for PET/CT scanning were initial staging (n=28) and restaging (n=39). The study was approved by the Institutional Review Board for review of medical records of the patients. Histopathologic types of primary lesions of these patients were confirmed by cytoreductive surgery in 61 patients. The histopathologic types were 40 serous cystadenocarcinoma, 6 mucinous cystadenocarcinoma, 4 endometrioid adenocarcinoma, 3 clear cystadenocarcinoma, 5 undifferentiated carcinoma, 1 mucinous tumor of borderline malignancy, 1 transitional cell carcinoma, and 1 mixed epithelial tumor. Histopathologic types of the other six patients were not identified because they did not undergo cytoreductive surgery, however they were initially diagnosed as ovarian cancer by radiological findings (e.g., large cystic and solid ovarian mass with ascites) and increased serum CA-125 level (mean± SD; 1,241.5± 2,427.5, range 49.5∼6,350), and ascites cytology (metastatic adenocarcinoma). For the analysis, the patients were divided into two groups according to presence or absence of supra-diaphragmatic LN metastasis (Table 1) . 18 F-FDG PET/CT Protocol 18 F-FDG PET/CT was performed using a PET/CT scanner (Biograph 40 Truepoint with TRUE V; Siemens Medical Solutions, Hoffman Estates, IL). After fasting for at least 6 h, the patients were injected intravenously with 5.2 MBq of 18 F-FDG per kilogram of body weight. PET/CT scanning was performed from the middle of the skull to the upper thigh at 60 min after injection. During the PET/CT scans, spiral CT was performed using the following parameters: a scout view at 30 mA and 120 kVp, followed by a spiral CT scan with an effective mA of 50, 120 kVp, a 5 mm section width, 4 mm collimation, 12 mm table feed per rotation, and 0.8 s per rotation with the arms raised. The PET images were acquired after the CT scans at 2 min per each bed position [21.6 cm increments (three-dimensional mode)].
The PET images were reconstructed onto a matrix of 128×128 using the ordered-subsets expectation maximization algorithm (four iterations and eight subsets), and attenuation correction was also performed. The CT images were reconstructed onto a 512×512 matrix, and they were converted using 511-keV-equivalent attenuation factors for the attenuation correction. The PET, PET/CT, and CT images were reviewed using a dedicated workstation and software (E.soft; Siemens Medical Solutions), which allowed 3-D displays (transaxial, coronal, and sagittal) to be constructed using the CT, PET, and PET/CT images and the maximum intensity projection displays of the PET data.
To quantify 18 F-FDG uptakes, standardized uptake values (SUV) were calculated as follows: SUV=[decaycorrected activity (kBq) per mL of tissue volume/injected 18 F-FDG activity (kBq) per body mass (g)]. The SUV of a lesion was obtained by placing regions of interest (ROIs) manually around the lesion, and the maximum SUV (SUVmax) within an ROI was used to minimize partialvolume effects.
Image Evaluation and Confirmation of Metastasis 18 F-FDG PET/CT images were evaluated by consensus between two nuclear medicine physicians (H.J.I, J.K.C). When patient had undergone an 18 F-FDG PET/CT scan more than once, we selected the scan that first showed evidence of distant metastasis.
Firstly, a lesion was considered as suspected metastasis on 18 F-FDG PET/CT scan if its metabolic activity was greater than that of surrounding tissue and if it was not associated with a physiologically active organ (urinary system, bowel, stomach, heart, or another) by visual analysis. Next, on quantitative analysis, an SUVmax value greater than 2.5 (3.5 for the liver) was taken to support a suspicion of metastasis [9, 10] . Suspicious metastatic lesions on 18 F-FDG PET/CT scan were confirmed by biopsy in 7 patients and by concurrence with contrastenhanced CT (CECT) and image follow-up in 60 patients. Seven biopsy-proven stage IV cases comprised five cases of supraclavicular lymph node metastases examined by ultrasonography (US)-guided needle biopsy, and two cases of lung metastases examined by CT-guided percutaneous needle biopsy.
CECT images were taken within 1 month from the 18 F-FDG PET/CT without any intervention. The CT images were reviewed by consensus between two different radiologists. Metastasis on CT images was determined based on lesion morphology and pattern of contrast enhancement. For lung metastases, newly developed nodules or nodules with typical findings (e.g., multiple, periphery, lower lobe predominancy) when there was no old image available for comparison were considered metastatic. For liver and spleen metastases, only true parenchymal lesions were recorded and newly developed, single or multiple low density lesions not showing cyst or hemangioma patterns were considered metastatic [11] . For pancreatic metastases, rim or homogenous-enhancing single or multiple newly seen nodular lesions were considered metastatic [12] . For bone metastases, multiple osteolytic bone lesions were considered metastatic. For adrenal gland metastases, nodular mass with strong enhancement in the early arterial phase was considered metastatic. For lymph node metastases, lymph nodes with a short-axis diameter exceeding 10 mm without calcification in one nodal station were considered metastatic [13, 14] . We measured short diameters of all visualized RCLNs by CECT and their SUVmax by 18 F-FDG PET/CT. To confirm a lesion as a metastasis, we compared all of the considered metastatic lesions and all RCLNs with the following CECT or 18 F-FDG PET/CT, which was done after 3-6 months. If the abnormality of a lesion progressed (more than 20% increase in diameter or more than 30% increase in SUVmax) [15, 16] , the lesion was confirmed to be a metastasis. If a patient had partial or complete response clinically, the lesion was confirmed to be a metastasis when the abnormality improved (30% decrease in diameter or more than 30% decline in SUVmax) [15, 16] .
Statistical Analysis
Statistical analysis was performed by using MedCalc for Windows (MedCalc Software, Belgium), and a P<0.05 was considered statistically significant. ROC analysis was done to evaluate diagnostic performance to detect RCLN metastasis and to establish the most feasible cut-off value by 18 F-FDG PET/CT and CECT. Cut-off values correspond to the highest average of sensitivity and specificity. Chisquared test was used to evaluate the difference in prevalence of RCLN metastasis between patients with and without supra-diaphragmatic LN metastasis. The odds ratio of having supra-diaphragmatic LN metastasis was calculated when a patient had RCLN metastasis.
Results
Of the 67 patients with stage IV ovarian cancer, RCLNs were visualized in 38 patients by CECT. The mean size and SUVmax of all visualized RCLNs were 7.4±2.9 mm (range 1.9∼15 mm) and 2.7±1.3 (range 0.8∼6), respectively. Among all visualized RCLNs in CECT, 29 RCLNs showed focal FDG uptake by PET. Of the 67, 27 RCLNs were confirmed to be metastatic (40.3%). The mean size and SUVmax of metastatic RCLNs were 8.5±2.2 mm (range 6.2∼15 mm) and 3.4±1.0 (range 1.6∼6), respectively. Diagnostic performances of 18 F-FDG PET/CT and CECT to detect RCLN metastasis were evaluated by ROC analysis. Areas under the curve of 18 F-FDG PET/CT and CECT were 0.998 and 0.971, respectively. Sensitivity, specificity, positive predictive value, and negative predictive value of 18 F-FDG PET/CT were 96.3, 100, 100, and 97.6% at an SUVmax cut-off value of 1.8. Those of CECT were 100, 92.5, 90.0, and 100% at a short diameter cut off value of 6.2 mm. There were three false-positive cases and no false-negative cases with CECT. There was only one false-negative case and no false-positives with 18 F-FDG PET/CT. Supra-diaphragmatic LN metastases were found in 50 patients, and the other 17 patients did not have supradiaphragmatic LN metastasis but had extraperitoneal solid organ metastases. Twenty-six RCLN metastases were found in patients with supra-diaphragmatic LN metastasis (52%), and only one in patients without supra-diaphragmatic LN metastasis (5.9%) ( Table 2) . Prevalence of RCLN metastasis in patients with supra-diaphragmatic LN metastasis was significantly higher than that in patients without supradiaphragmatic LN metastasis (P=0.003). The odds ratio of having supra-diaphragmatic LN metastasis in patients with RCLN metastasis was 17.33 with a 95% confidence interval of 2.13-140.86 (P=0.0076).
Metastatic sites were assessed in all patients. The prevalences of extraperitoneal metastases were 29.9% (20/67) to liver parenchyma, 16.4% (11/67) to lung, and 11.9% (8/67) to bone. In addition, there was evidence of metastasis to the spleen in two cases, to the adrenal gland in two, to the pancreas in one, to the brain in one, and to soft tissue in one.
The prevalences of metastatic sites were 44.8% (30/67) for mediastinum, 41.8% (28/67) for supraclavicular fossa, 7.5% (5/67) for neck, 13.4% (9/67) for axilla, and 17.9% (12/67) for chest wall LN-bearing areas other than axilla (Table 3) .
Discussion
18 F-FDG PET/CT is superior to other imaging modalities for detecting metastasis to a lymph node or a distant organ in many types of malignancies [17] [18] [19] [20] . The reason for this is that 18 F-FDG PET/CT provides functional information about cellular glucose metabolism in addition to morphological information.
Diagnostic performances to detect RCLN metastasis by 18 F-FDG PET/CT as well as CECT were quite good. F-FDG PET/CT for accurate diagnosis of RCLN metastasis was suggested in a previous case report [21] . There was one false-negative case in 18 F-FDG PET/ CT with SUVmax of 1.6 and short diameter of 6.8 mm. SUVmax of this LN possibly devalued due to the partial volume effect because of small size. However despite the relatively small sizes of metastatic RCLNs in the present study (range 6.2∼15 mm), the cut-off value (SUVmax 1.8) to diagnose RCLN metastasis by 18 F-FDG PET/CT was similar to previous studies. In a colorectal cancer study, a lymph node SUVmax of greater than 1.6 was suggested as a criterion for lymph node metastasis [22] , and in a recent biliary cancer study, a lymph node SUVmax of greater than 2.0 showed better results for detecting LN metastasis than CT diagnosis [23] .
If we consider all visually perceptible focal FDG uptakes in RCS as PET positive, we can enhance sensitivity and NPV of PET/CT from 96.3 and 97.6% to 100 and 100%, respectively, while sacrificing the specificity and PPV of PET/CT from 100 and 100% to 95 and 93.1%, respectively. In our group, with an SUVmax cutoff of 1.7, there would be two false-positive cases and no false-negative cases.
Cut-off value to detect RCLN metastasis by CECT (6.2 mm) was in accordance with a previous study. Callen et al. [24] reported no definable LNs with a diameter greater than 6 mm in the normal retrocrural space on CT image, and a short diameter of RCLN greater than 6 mm has been considered abnormally enlarged. In the present study, the sizes of three false-positive cases of CECT were 6.8, 7.2, and 8.2 mm respectively. Although RCS is not a common site to have reactive or inflammatory lymphadenopathy, Callen et al. also described 3 benign lymphadenopathies in RCS out of 39 [24] .
In the stage IV ovarian cancer patients examined during this study, the prevalence of metastasis to RCLNs was 40.3%. In fact, the prevalence of RCLN metastasis was greater than that of any other single distant metastasis except supraclavicular LN metastasis, whether in an LNbearing area or an organ. We also found that the prevalence of RCLN metastasis was significantly higher in the presence of supra-diaphragmatic LN metastasis than in its absence. Representative PET/CT image of RCLN metastasis and biopsy-proven supraclavicular LN metastasis is demonstrated in Fig. 2 .
In particular, the odds ratio of patients with RCLN metastasis having supra-diaphragmatic LN metastasis was as high as 17.3. This means that if a patient has RCLN metastasis, there is a more than 17 times higher chance of having supra-diaphragmatic LN in stage IV ovarian cancer. This indicates that RCLN metastasis can be a predictor of supra-diaphragmatic LN metastasis. A few investigators have already suggested this possibility [4, 6, 7] , but their suggestions were not based on systematic analysis.
As far as we know, only two reports have been issued on RCLN metastasis from abdominal or pelvic tumors. Kawamura et al. [7] found that 4 of 6 patients with RCLN swelling had cervical lymph node swelling in stage II, III testicular cancer, and Mahon and Libshitz [25] reported that, of 50 cases with mediastinal lymph node metastases from infra-diaphragmatic cancers, 19 presented with retrocrural adenopathy. However, in these reports CT was used to evaluate lymph node involvement, and it has been established that CT is inferior to 18 F-FDG PET in terms of detecting LN metastasis [26, 27] . The prevalence of RCLN metastasis in these studies was 38-40%. Interestingly, the prevalence of RCLN metastasis was similar to the present study regardless of the different tumor types and stages.
In the literature, the common sites of LN involvement in ovarian cancer are abdomen (47%), mediastinum (29%), and the pelvic area (17%). The common sites of distant organ metastasis are liver (45%), lung (39%), pancreas (21%), spleen (15%), bone (11%), kidney (10%), and brain (6%) [28] . Of these sites, we observed metastasis in mediastinal LNs, liver, lung, bone, and brain in our patient group, and the results were similar to the literature.
In the present study, the prevalence of supra-diaphragmatic LN metastasis was particularly high. For example, the prevalence of supraclavicular LN and axillary LN metastasis was 42 and 13%, respectively. In the literature, supradiaphragmatic LN metastasis is rare in ovarian cancer. Dvoretsky et al. reported that only 4% had metastatic supraclavicular LNs and that no axillary LN metastasis was found in the autopsy results of 100 ovarian cancer patients [28] . We attribute this discrepancy to differences in the cohorts and the analytic methods used. For example, only 18% of Dvoretsky's cohort had stage IV disease, whereas our cohort contained only patients with stage IV disease. Additionally, this discrepancy may be due to the higher survival rates now achieved for ovarian cancer, as Dvoretsky's study was performed in 1988.
The present study has a few limitations. First, metastatic RCLNs were diagnosed only by image analysis because biopsy usually was not possible due to its deep location. However, by image follow-up, we could confirm the diagnosis. Second, although 18 F-FDG PET/CT is better than conventional anatomical imaging modalities for detecting lymph node metastasis [26, 27] , its ability to detect microscopic metastases is limited. Thus, microscopic metastases missed by 18 F-FDG PET/CT could not be included in our observations of patterns of lymphatic spread. Lastly the calculated odds ratio of RCLN metastasis for having supra-diaphragmatic LN metastasis is underpowered because other possible confounding factors were not considered. Thus we expect that further prospective studies with controlled confounding factors will validate the association of RCLN metastasis and supra-diaphragmatic LN metastasis.
Conclusion
Diagnostic performances of RCLN metastasis by 18 F-FDG PET/CT and CECT were both quite high without significance difference. The prevalence of RCLN metastasis was significantly higher in patients who had supra-diaphragmatic LN metastases than in patients who did not. Odds ratio of patients with RCLN metastasis having supra-diaphragmatic LN metastasis was as high as 17.3. These findings suggest that RCLN metastasis revealed by The hypermetabolic LN in the right retrocrural space had an SUVmax of 3.9 and a short diameter of 12 mm and was considered malignant (arrow). The left supraclavicular LN was proven to be metastatic by ultrasonography-guided needle biopsy
